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LeRC SPACECRAFT - SYSTEM POWER TECHNOLOGY PROGRAM

PRESENT MAJOR PROGRAM ELEMENTS

*. 20% COMMERCIAL MBG PV MAN TRCH PROGRAM

- 6x 6 cm COMMERCIAL CELLS - FY 98, 25% AREA, MASS REDUCTION, 15% COST
REDUCTION OVER GaAs/Ge

- EOS, COMMERCIAL, DOD, PLANETARY, ISS, HEDS, AERO

*. 2.6 kWe SCARLET CONCENTRATOR ARRAY - FLIGHT HARDWARE FOR NMP FLIGNT
- ENABLES SEP DEMO, FY 97 FLIGHT HARDWARE TO DEL
- 1.5 SOA IN EFFICIENCY, 30 W/m2 (2 x SOA), 80 W/kg (1.4 x SOA), 1/2 COST
- PLANETARY, DOD, COMMERCIAL, ISS, HEDS

» ADVANCED CPV NH{2 BATTERY
- > 1KkWe, 100 W-hr/kg 2 x SOA, 60% DOD ~ 2x SOA, 10 YEAR LEO
- EOS, COMMERCIAL, DOD, PLANETERAY, HEDS

« BIPOLAR NiMH BATTERY - FY 99, < 1 kWe
- 100 W-h/kg 3 x SOA, 1/2 VOLUME, 1/2 COST
- EOS, COMMERCIAL, DOD, PLANETARY, ISS, HEDS

*. FLYWHEEL ENERGY STORAGE/ATTITUDE CONTROL SYSTEM
- 10 x REDUCTION IN STORAGE SYSTEM Wikg
- 20 Whrkg DEMO, FY97
- EOS, COMMERCIAL, DOD, SHUTTLE, ISS, TERRESTRIAL, HEDS

* . MODULAR ELECTRIC POWER SYSTEM BUILDING BLOCKS
- STANDARDIZED SMALL S/C POWER SYSTEMS
- 400 W/kg, 2 x SOA DEMO FY 96 SSTI FLIGHT, 1000 W/kg - FY 99 COMMERCIAL
APPLICATIONS, PLANETARY, EOS, DOD, AERO, HEDS

. o Space Power and On-Board Propulsion Program
*LEVEHAGEDPHOGRAM Lewis Research Center RISES003.15



LeRC SPACECRAFT - SYSTEM POWER TECHNOLOGY PROGRAM

PRESENT MAJOR PROGRAM ELEMENTS
(CONTINUED)

*. 10- 300 K CRYOGENIC ELECTRONICS SYSTEM FOR PLANETARY SPACECRAFT
- ELIMINATE RADIOISOTOPE HEATING UNITS,

- EOS
* . LSOLID POLYMER - BATTERY
- 15 A-hr DEMO FY 98
- SPACE PROTOTYPE 00 150 W-hr/kg (3 x SOA)

250 W-£ (3 X SOA)
1/2 COST, >> 2000 CYCLES
- PLANETARY, GEO, DOD APPLICATIONS, EOS, COMMERCIAL, ISSA, HEDS

*. ADVANCED RADIOISOTOPE POWER SYSTEM DEMONSTRATION
- 20% EFF., 3- 5 REDUCTION IN Pu INVENTORY

- FY 98 DEMO, DOWNSELECT - PLANETARY, PLUTO EXPRESS APPLICATION, MARS

. . SpacePowarsﬂOn—Bo.deﬁuman
LEVERAGED PROGRAM ‘ Lewis Research Center A0 16



TECHNOLOQY TRENDS

SOLAR CELL TECHNOLOGY
STATE OF
TECHNOLOGIES NEAR TERM
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PHOTOVOLTAICS

* THE NEXT STEP IN IMPROVED EPPICIENCY, AT COMPETITIVE COST

- PLANAR MULTI-BAND GAP CELLS/ARRAYS
- NEAR TERM LARGE AREA (8 x 6 cm) CELLS, 24-26% EFFICIENT

- GalnP/GaAs

- WIDE RANGE OF APPLICATIONS, NASA, DOD, COMMERCIAL
- COMMERCIAL CELLS IN 1998
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Space Power and On-Board Propuision Program
Lewis Research Center



PHOTOVOLTAICS

. ADVANCED RESEARCH MULTHBAND GAP CELLS —> = 30 EFFICIENCY
- PLANAR APPLICATIONS

- 2PARALLEL APPROACHES
- 3 JUNCTION CELLS GalnP,/GaAs/Ge
- COMPLEX STRUCTURE
- FAMILIAR MATERIALS
- 2 JUNCTION CELLS FROM ALTERNATE MATERIALS
. - SIMPLE STRUCTURE
- MORE COMPLEX MATERIALS

- IN-HOUSE SBIR'S

Space Power and On-Boand
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PHOTOVOLTAICS

CONCENTRATOR ARRAYS

* NASA STUDIES (EARLY 1980's) SHOWED MULTIPLE BENEFITS

- LOW COST (< 1/2 CURRENT PLANAR ARRAYS)
- REDUCED CELL COSTS
- MANUFACTURING & ASSEMBLY COSTS LOWER BY ~ 80%

- HIGH PERFORMANCE
- SMALLER AREA
- INCREASED RADIATION TOLERANCE
- HIGH VOLTAGE OPERATION

* LeRC APPROACH: REFRACTIVE, LINEAR CONCENTRATOR OPTICS
- LOW.COST, CURVED FRESNEL LENS @ 7.5x
- SINGLE AXIS TRACKING
- SMALL AREA MBG CELL @ 24%

APPLICABLE TO ALL SATELLITE CLASSES/MISSIONS

Power and On-Boand
e R



SCARLET Conoentrator Array

» SCARLET (Solar Concentrator
Array with Refractive Linear
Element Technology) with high
efficiency MBG solar cslile could

provide power for a variety of new
missions

» Chosen for solar electric
propuision miesion for New

Millennium Program- (2.6 kW amvay)

'+ Expected major performance
advancements

— Efficlency (1.5 x SOA)
— Area ~ 300 W/m2 (2.0x SOA)
— Waeight ~ 80 W/kg (1.4 x SOA)
— Cost ~ 1/2 SOA Planer

. ~ Radiation hard array
SCARLET/METEOR ARRAY ~ — Minimum plasma interaction
enables high voltage cperation
— Reduces low Ilumination, low
o ATA P temperature (LILT) eNects .
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National Asronsdics and
Space Administration

ADVANCED RADIOISOTOPE POWER SYSTEM DEVELOPMENT WITHIN NASA AND DOE

AMTEC

THERMOPHOTOVOLTAIC
STIRLING

RTG (NOT COVERED)



ELECTRICAL SYSTEMS DEVELOPMENT

LeRC’s INVOLVEMENT IN A WIDE RANGE OF PROGRAMS HAS
IDENTIFIED A CRITICAL COMMON NEED.

MAJOR SPACE
SYSTEMS

* ISS
« SHUTTLE
« XCRV

PLANNING

AIRCRAFT

* HIGH EFFICIENCY/
LOW MASS
* LOWCOST
* STABLE, FAULT
TOLERANT
* VERSATILE
- VOLTAGE
- POWER
* REUSABLE
- WIDE APPLICATION
* AUTOMATED -

POWER MANAGEMENT AND DISTRIBUTION SYSTEM

SWITCHGEAR
POWER CONVERTERS

RANGE OF PARAMETERS

28V, 120V, 270V
25 TO 1500 WATTS (SCALEABLE TO 10+ KILOWATTS

RIS-960.14.4

Space Power and On-Board Propulsion Program
Lewis Research Center



ELECTRIC POWER SYSTEM TEST
AND INTEGRATION FACILITY

+ 35 kW SOLAR ARRAY FIELD AND
HIGH VOLTAGE NiH BATTERIES

 SUPPORTS MULTIPLE POWER
PROCESSING AND SWITCHING
ELEMENTS

* DISTRIBUTED CONTROL & DATA
COLLECTION SYSTEM USING
30,000 LINES OF ADA CODE

« RECONFIGURABLE TO SUPPORT
A VARIETY OF SYSTEM TOPOLOGIES
& APPLICATIONS

« PERFORM SUNLIGHT TO LOAD
TESTING OF SPACE ELECTRIC
POWER SYSTEMS

JFS94-001.1



POwER

T ECHNOLOGY
ELECTRONICS FOR COLD
OPERATION TEMPERATURES D1vision

Lewis Research Center

*  ENABLING TECHNOLOGY FOR NON-NUCLEAR DEEP SPACE MISSIONS
(300K —40-60K)

- IMPROVED SOLID-STATE RELIABILITY
- REDUCED MASS
- LOWER COST

*  PROGRAM DEFINED, IMPLEMENTED

SPACECRAFT PAYLOAD INEGRATED POWER REQUIREMENTS
*  ALSO SUPPORTS HIGH DENSITY ELECTRONICS

- LOW TEMPERATURE COMPONENT CHARACTERIZATION '
- LOWTEMPERATURE SYSTEMS CHARACTERIZATION
- NEW COMPONENT DESIGNS

RJS-94Q.03.7



FLYWHEEL ENERGY STORAGE SYSTEMS

+ BENEFIT OF FLYWHEEL ENERGY STORAGE OVER + BATTERY SYSTEMS
SOA BATTERY SYSTEMS CLEARLY IDENTIFIED
- BATTERY: CELL + WIRE INTERCONNECTS,
COMPARISON OF FLYWHEEL & BATTERY BYPASS DIODES, SUPPORT BOX
oy e VM ENERGY DENSITY - BATTERY SYSTEM: RECONDITIONING
CIRCUITS, ARRAY REGULATOR, ARRAY

OVERSIZE, BUS REGULATOR

20.00 1

Il INTEGRATED FLYWHEEL
ENERGY STORAGE
& ATTITUDE CONTROL

18.00

16.00 1

14.00 1
] 1SSA BATTERY SYSTEM

EOS BATTERY SYSTEM
& ATTITUDE CONTROL

SSTI BATTERY SYSTEM
& ATTITUDE CONTROL

12.00

10.00 1

ENERGY DEN&ITY

6.00

4.00

200

0.00
- 10TO 20 X IN W-Hr/ib IMPROVEMENT ATTAINABLE

- ISS ACKNOWLEDGES BENEFIT OF FLYWHEEL
SYSTEM AS REPLACEMENT FOR NiH, BATTERIES

Space Power and On-Board Propulsion Program

RUSE5.015.7 Lewis Research Center



*CELL 50
BATTERY 2
w17

RELATIVE COST 1
LIFE (YRS) 6

CELL
S

RELATIVE COST
LIFE (YRS)

=888

CELL Whig
BATTERY Wh/kg
wh
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LIFE (YRS)
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160
1
1

CELL Wh/kg 160
BATTERY Whikg 130
WM 240

- RELATIVECOST 1

LIFE (YRS) 3

@ 100% DOD, BATTERY NUMBERS @ 80% DOD

TECHNOLOGY TRENDS
BATTERIES

NEAR TERM
COMMERCIAL APPLICATIONS
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LeRC LITHIUM ION SOLID POLYMER BATTERY PROGRAM ELEMENTS

* MAJOR EFFORT TO DEVELOP A DUAL-USE Li-ION SOLID POLYMER BATTERY FOR
COMMERCIAL, MILITARY, & SPACE APPLICATIONS

- DEMONSTRATED 3 x IMPROVEMENT IN W-hr/kg OVER NiCd
- AUTOMATED PRODUCTION

* LoRC RESEARCH & TECHNOLOGY EFFORTS TO IMPROVE BATTERY PERFORMANCE
AND LIFE TO MEET SPACE APPLICATION REQUIREMENTS

- LeRC/TEXAS ASMHUGHES FUNDAMENTAL INVESTIGATIONS
- ADDRESSING LHON POLYMER CELL FUNDAMENTALS
- LeRC IN-HOUSE

- IPROVE ANODE PERFORMANCE VIA MODIFICATION OF GRAPHITE STRUCTURE TO INCREASE
LIHON INTERCALATION

- LeRC PHASE Il SBIR WITH MER, INC.
- IMPROVE ANODE PERFORMANCE VIA USE OF SPECIALLY PREPARED SINGLE WALL - OPEN ENDED
FULLERENE NANOTUBES

» COORDINATION WITH Li-ION BATTERY ASSESSMENT AND CHARACTERIZATION
TASKS OF LeRC-MANAGED CODE AE FLIGHT BATTERY SYSTEMS PROGRAM

Space Power and On-Board Propuision Program
Lewis Research Center



ADVANCED LIGHTWEIGHT

CPV BATTERY
STATE-OF-ART
CPV BATTERY
e, I
CPV BATTERY
0 ; 1:n 1;
SPECIFIC ENERGY Wivkg
FEATURES
+ 2X IMPROVEMENT IN SPECIFIC
ENERGY - 100 Whr/kg

* 20% VOLUME REDUCTION

* LONG CYCLE LIFE AT DEEP DEPTHS OF DISCHARGE
(DOD) - 10 YR LEO AT 60% DOD, 15 YR GEO

| Space Power and On-Board Propulsion Program
17 ‘ Lewis Research Center




LeRC AWARD WINNING NiH, TECHNOLOGY  Power & ON-Boarp
APPLIED TO COMMERCIAL SPACECRAFT PropruLsioN TECENOLOGY

Natonal Aeronaukcs and AND ISS APPLICATIONS DivisioN
Nakonal Aer
Lewis Research Cerver
* LORC/MUGHES, IN A COOPERATIVE PROGRAM, HAVE DEVELOPED AN ADVANCED

NiH2 BATTERY

* IWPROVED IPV NICKEL HYDROGEN BATTERIES TO
MEET COMMERCIAL SPACECRAFT NEEDS FOR 1997
AND BEYOND

- 50% VOLUME REDUCTION
- 20% COST REDUCTION
- 50% LONGER LIFE

« CELL DESIGN COMPLETE, FLIGHT BATTERIES
BUILT AND BEING FLIGHT QUALIFIED

* FIRST FLIGHT 1907 - BOOKED ON 26 SPACECRAFT
AT PRESENT

* FURTHER TECHNOLOGY DEVELOPMENT
MPROVEMENT POSSIBLE
- SYEARS ADDITIONAL LIFE
- 2x IMPROVEMENT IN W-hr/kg

* APPLICATION OF THIS TECHNOLOGY IN IPV BATTERIES COULD BE USED FOR ISS -
STUDIES SHOW REDUCTION OF OPERATING COST BY $240 MILLION - AVAILABLE

- IMPLEMENTATION CURRENTLY BEING CONSIDERED BY CONFIGURATION CONTROL BOARD



LeRC 25 kW SOLAR/REGENERATIVE FUEL TEST BED
AT EDWARDS AFB, EDWARDS, CA

Solar Cells

Electrolyzer

‘ Space Power and On-Board Propulsion Program
1 Fuel Cells : Lewis neswmrgma



